Background: Nurse led self-help treatments for people with chronic fatigue syndrome/myalgic encephalitis (CFS/ME) have been shown to be effective in reducing fatigue but their cost-effectiveness is unknown.
the absence of a clear explanatory model for CFS/ME and available treatment options, GPs avoid making the diagnosis feeling they have nothing to offer patients [5] and there is still some scepticism about the existence of the condition. Practice Nurses consider they have a limited in the support and management of patients with CFS/ME [6] .
A recent UK multicentre clinical study randomised primary care patients to one of three treatments: pragmatic rehabilitation (PR) or supporting listening (SL), a nondirective counselling approach, delivered over ten sessions by primary care nurses, or treatment as usual (TAU) [7] . PR provides an explanation for patients' symptoms, based on a model in which CFS occurs as a consequence of physiological dysregulation associated with inactivity, disturbance of sleep and circadian rhythms, and the somatic return to activity and normalisation of sleep patterns. The symptoms of arousal or anxiety. The explanation provides the rationale for a rehabilitation program, developed collaboratively with the patient, which includes a graded model is presented to patients both verbally and in the form of a fully referenced manual. The therapy aims to help patients understand the model and to support them as they make the behavioural and lifestyle changes suggested by the model. PR was effective after 18 weeks of treatment in reducing fatigue, depression and improving sleep, but these effects had diminished one year later [7] .
The purpose of this article is to present a costeffectiveness analysis to compare costs and Health Related Quality of Life (HRQoL), as measured by quality-adjusted life years (QALYs), associated with these treatments.
Methods

Decision problem
The decision problem addressed in this paper is to assess the cost-effectiveness of three treatment strategies for CFS/ME, Pragmatic Rehabilitation (PR), Supportive Listening (SL) and Treatment as Usual (TAU) delivered by GPs in a primary care setting, in the budget constrained system of the UK NHS. Briefly, the clinical study on which this cost-effectiveness analysis is based was a three armed randomised controlled trial comparing the three strategies listed above. PR, originally developed in a secondary care context [8] involves an individualized programme of activity and improved sleep hygiene developed collaboratively between the patient and therapist (in this study, a primary care based nurse). SL is a variant of a non-specific counselling intervention originally designed for common psychological difficulties, while TAU represents the treatment as usual or management received by patients with CFS/ME from their GP. PR and SL interventions were delivered by three registered adult-speciality general nurses who had worked in primary care, but had no prior experience of CFS/ME; all three nurses delivered both pragmatic rehabilitation and supportive listening. It was expected PR and SL would be delivered to patients over ten sessions. Patients aged 18 or over with CFS/ME that had been present for over 6 months were eligible; full inclusion and exclusion criteria are presented in the original clinical paper [7] .
The cost-effectiveness analysis is conducted from the perspective of the National Health Service and personal social services and measures costs to the NHS at 2008/ 09 prices. Costs and outcomes (as measured by Quality Adjusted Life Years) are discounted at 3.5% per year [9] . Private expenditures, the costs of informal care and the costs of lost production are reported in a descriptive analysis. The interventions, population and recruitment procedures for the study are described in detail elsewhere [7] .
Parameter estimates Health related quality of life outcomes
HRQoL is measured using Quality Adjusted Life Years (QALYs). QALYs are the product of the health state of each individual and the time spent in that state. The health state of each individual in the study was assessed at entry to the trial (week 0), after treatment (week 20), and one year after treatment (week 70) using the EQ5D instrument.
Resource use and unit costs
Patients were asked to recall use of hospital services (inpatient, outpatient, A&E, day case surgery), day services (day centre, drop-in centre or social club), and contacts with health professionals over the time period of the trial. In addition, detailed costing of use of all prescribed medications was performed for each follow-up [10] . The cost of delivering the intervention, in terms of nurse time, travel and training was also included. Though ten sessions were scheduled for each PR was delivered over a mean of 9.5 sessions with SL delivered over a mean of 9.6 sessions (see web appendix).
Costs of CFS/ME borne by patient or family
The trial collected data from patient questionnaires on the economic impact of CFS/ME on patients and their families. These costs included help from informal carers, payments for prescription and over-the-counter medicines, payment for complementary therapies, major one off expenses, lost days and lost income from work and days lost from leisure. These costs are described in this paper but are not included in the estimation of the costper-QALY [9] .
Missing values
Missing data arose where patients did not fully complete the follow up questionnaires, or missed one or more follow up interviews. In the base case analysis missing data were imputed by multiple imputation using chained equations (see web appendix) [11] . Complete case analysis (excluding patient with missing data) was carried out as a sensitivity analysis.
The questionnaire at 70 weeks post-randomization asked about patient experience and resource use during the previous 6 months (i.e. 26 weeks), to reduce the risk of recall bias. Hence no resource use data were collected by the trial between weeks 20 to 44. Therefore in all analyses and for all patients, costs were imputed during this period based on mean weekly health-care expenditure for that patient during the other two follow up periods (excluding the cost of the intervention). These imputations were incorporated into the system of multiple imputation chained equations to reflect uncertainty.
Cost-effectiveness analysis
Regression analysis was used to estimate the mean difference in cost and mean difference in QALYs per patient for each treatment over 70 weeks, relative to treatment as usual. Incremental cost effectiveness ratios (ICERs) were calculated where appropriate; ICERs formally compare the incremental costs and effects associated with intervention (s) (see web appendix). Conventionally, NHS treatments in England are considered cost-effective by NICE if the incremental cost-effectiveness ratio is less than £20,000 per QALY [9] . For interventions that are associated with an ICER between £20-30,000 per QALY gained, there needs to be evidence that the intervention is innovative and/or that HRQoL is not captured adequately and/or that there is considerable uncertainty around the ICER. As the ICER goes above £30,000 per QALY gained, this evidence needs to be stronger [9] .
Semi-parametric bootstrapping is used to estimate of the probability that each intervention is cost-effective for a range of threshold values of a QALY; cost-effectiveness acceptability curves are used to graphically represent this uncertainty around the adoption decision [12, 13] . The bootstrap is semi-parametric (rather than fully non-parametric) because at each resample the model estimates parametric regressions to impute missing data, thereby imposing some parametric constraints on the predictions of incremental costs and QALYs and their distributions [14] . Table 1 shows the unit costs for each resource captured in the trial.
Results
Costs of healthcare Table 2 shows the mean costs of each type of healthcare service at each follow up period Resource use is shown in the web appendix. Figure 1 summarises the mean undiscounted costs per patient by randomised treatment group for patients who were followed up at both week 20 and week 70. Costs are imputed from week 20 to week 44 based on mean resource use in the other follow up periods, as no data were collected in the trial for this period. Supportive listening tended to be more costly over the whole trial period but there was not a statistically significant difference in total cost per patient between groups (p= 0.33).
Economic impact of CFE/ME on patient and family
Though outside the strict perspective of the NHS and personal social services advocated by NICE [9] , the economic impact of CFE/ME on the patient and their family may be of interest to decision makers (see web appendix). Nonparametric K-sample tests of differences in medians between the groups found a difference at the 5% significance level for major one off expenses at week 20 and lost leisure time at week 70. However, after adjustment for multiple comparisons, ANOVA tests found that mean expenditures did not differ significantly by treatment group at week 70, controlling for health expenditure by individuals in the 6 months before the start of the trial. However, there is some weak evidence that those in the treatment as usual arm had greater loss of leisure time and higher costs of informal care than those in the PR group (Table 2) . Table 3 shows the proportion of patients in each health state of the EQ5D for 296 patients at baseline, 274 patients who were interviewed at week 20 and the 257 patients who were interviewed at week 70. Figure 2 shows mean EQ5D index at baseline, week 20 and week 70 by randomised group (without multiple imputation). HRQL tended to increase in all groups at week 20 but returned towards baseline levels by week 70. ANOVA found that the differences in HRQL between treatment groups (adjusted for baseline EQ5D) were not statistically significant (p=0.47 at week 20 and p=0.75 at week 70). 
Health related quality of life
Imputation of missing data
Of the 296 participants in the trial, 254 were followed up at week 20 and week 70, 19 were not followed up at either week 20 or week 70, 20 were followed up at week 20 only, and 3 were followed up at week 70 only. There were no statistically significant differences in the probability of follow up between randomised groups. Multiple imputation was used to impute missing data (costs and EQ5D) (The Additional file 1: web appendix gives details of validation for the imputation procedures). Table 4 shows mean incremental QALYs and mean incremental costs compared with treatment as usual. Multiple imputation has been used to deal with missing data, and confidence intervals have been estimated by bootstrapping the 15 imputed datasets. After adjusting for baseline differences in EQ-5D, TAU delivered in primary care tends to be slightly more effective than either PR or SL and at a lower cost. Estimates of both incremental costs and effects are associated with considerable uncertainty with all confidence intervals crossing zero.
Cost-effectiveness analysis
Given that on average TAU has lower costs and better outcomes that either intervention, it is the dominant therapy and calculation of an ICER is not appropriate [17] . However, there is a considerable amount of uncertainty around these estimates. The probability that TAU is cost-effective is 0.645 at a threshold cost-per-QALY of £20,000, 0.626 at a threshold of £30,000 per QALY and 0.600 at a threshold of £50,000 (Figure 3 ).
Sensitivity analysis
A complete case analysis (N=254) (excluding patients who did not complete questionnaires at baseline, 20 weeks or 70 weeks), suggested that PR tended to be associated with slightly higher QALYs than TAU though again with wide confidence intervals that crossed zero (Table 4 ). In this analysis, PR has an incremental costeffectiveness ratio of £39583 per QALY versus TAU (calculated as £475/0.012). SL is dominated by TAU. Based on this sensitivity analysis, TAU is likely to be the preferred option as the ICER associated with PR is higher than that usually recommended [9] . Pragmatic rehabilitation and treatment as usual were roughly equally likely to be cost effective at a threshold of £30000 per QALY in the complete case analysis (Figure 3 ).
Discussion
Summary of main findings
This study has compared the costs and QALYs of pragmatic rehabilitation versus supportive listening versus GP delivered treatment as usual for patients with CFS/ME treated in the community. Supportive Listening was no more effective than the other therapies and more costly, and is therefore not cost-effective. The primary analysis (imputing for missing data) also finds that Pragmatic Rehabilitation (PR) does not appear to be more effective than GP delivered treatment as usual over the time scale of the study, and does not appear to be cost-effective. A secondary analysis (using complete cases only) found that PR tended to be slightly more effective than treatment as usual. In this analysis which favours PR, the cost-per-QALY generated compared with treatment as usual is greater than £30000 per QALY and pragmatic rehabilitation is unlikely to be considered cost-effective at current thresholds used in the UK. Whether these thresholds are appropriate in the UK for this patient population is open to debate. Some authors have suggested that the thresholds may be too high [18] , while others have suggested that the public may value a QALY at over £30,000 [19] . The findings of this analysis are broadly consistent with the clinical study of this trial, which concluded that the benefits of pragmatic rehabilitation seen while treatment was ongoing attenuated over the one year follow up period [7] . It is worth noting that the clinical effectiveness of PR delivered in primary care as reported by Wearden et al. [7] was much less than in a previous trial of PR in secondary care [8] . The conclusion from this single trial analysis is that whether there are benefits associated with PR when delivered in this way depends on the analysis chosen. However, any increases in QALYs generated by PR are not substantial and GP delivered TAU is likely to be cost-effective.
Strengths and limitations
The current study finds that although pragmatic rehabilitation delivered in primary care appears to be associated with benefits to patients at 20 weeks, patients also improve on average in the GP delivered treatment as usual arm. The incremental benefit of PR, as measured by QALYs over the time period of the trial, is very small or non-existent. The current study has a time horizon of 70 weeks. This in effect assumes there are no differences between treatments one year after the end of the trial therapy period. While the assumption potentially may be a source of bias, in this case it is probably justified given that the mean HRQoL of all groups appears to converge at 70 weeks. As with all evaluations that use patient assessments of their health status and resource use at specified time points, we do not know the extent of over/ under-estimation. In addition we do not know the trajectory of the EQ5D scores over the whole time period. We have assumed a linear interpolation of EQ5D scores, but while this is common practice, the small absolute differences in effect size suggest that any variation from this may have had an impact on results and conclusions.
The perspective of the study covers health and personal social services. However, the presentation of questions in the patient questionnaire may mean that some social care use was under-reported. Some services, such as family support workers and other social care costs were not explicitly included, but are unlikely to influence the conclusions. The inclusion of productivity losses is also unlikely to influence conclusions.
In addition, the study only considers three options. There may be other ways of designing services so that, for example, PR could be delivered less expensively, perhaps by practice nurses or GPs could be better trained to recognise and manage CFS/ME [20] . In addition, we know that patients needed to believe in the intervention model presented in order to engage fully [21] . Ideally these options should be considered as part of the evaluation.
Comparison with existing literature
A recently published trial [22] suggests that graded exercise therapy leads to better patient outcomes (in terms of reduced fatigue and better physical function) than standardised usual specialist medical care. The costeffectiveness analysis conducted alongside this trial [23] showed that both graded exercise therapy (GET) and Cognitive Behavioural Therapy (CBT) added significantly to costs, but also improved health related quality of life when compared with specialised medical care (SMC). The authors conclude that GET was likely to be cost-effective when compared to SMC, but that CBT had the highest probability of being cost-effective. However, like the patients in the previous PR trial reported by Powell et al. (2001) [8] , these patients had been referred to secondary care and so were a selected group, unlike the group in the FINE trial.
The results of the present analysis can be compared with a previous study that estimated the economic burden of CFS/ME in a UK primary care setting 2003 [3] . The costs of health services seem slightly higher in the current study, and the costs of informal care appear considerably lower in the current study. However, these differences may be due to recall bias or due the wording of the study questionnaires, rather than reflecting real differences.
Implications for future research and clinical practice
There is a body of evidence that suggests that patients with CFS/ME are not satisfied with the care they currently receive from primary care, and that GPs find management of these patients difficult [5, 21] . Thus the suggestion that the cost-effective solution should be implemented is of limited use if patients feel that this option is not acceptable. Thus further research into effective management options for patients with CFS/ME is needed. In addition, the skills of GPs in making the diagnosis of CFS/ME and offering acceptable treatment, or referral to specialist CFS/ME services, need to improve. The team are currently developing and evaluating resources to support GPs and patients with CFS/ME.
